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Single Voltage Differencing Gain Amplifier-
Based Dual-Mode Quadrature Oscillator Using
Only Grounded Passive Components

Orapin Channumsin’, Kapil Bhardwaj, Mayank Srivastava, Worapong Tangsrirat, Member, IAENG,

and Wandee Petchmaneelumka

Abstract—This article describes the compact quadrature
sinusoidal oscillator, which produces both voltage and current
quadrature outputs at the same time. By utilizing a voltage
differencing gain amplifier (VDGA) as an active element, the
proposed dual-mode quadrature oscillator is realized with
only three grounded passive elements, namely one resistor and
two capacitors. The adjustment rules for the condition of
oscillation and the frequency of oscillation are orthogonally
controllable by the independent VDGA bias currents. Non-
ideal influences on the circuit’s behavior are also examined in
detail. PSPICE-based computer simulation was used to
evaluate the theoretical hypotheses of circuit functioning.

Index Terms—Voltage Differencing Gain Amplifier
(VDGA), quadrature oscillator (QO), dual-mode operation,
tunable circuit.

I. INTRODUCTION

A sinusoidal quadrature oscillator (QO) that creates two
equaled-amplitude outputs with a 90" phase difference
is a fundamental circuit block that is used in many signal
processing and information systems, such as single-
sideband vector generators, quadrature mixers, and
selective voltmeters. Numerous QO solutions based on
various high-performance active devices have been
proposed in the open technical literature over the last few
decades [1-21]. A close examination reveals that the QO
realizations in [1-8] produced current-mode outputs,
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whereas the works in [9-21] produced voltage-mode
outputs. Also, recall that none of the previously listed
oscillator circuits can create both voltage and current
signals at the same time. There are a few circuits in the
literature that have the benefit of simultaneously providing
explicit quadrature voltage and current signals [22-27].
However, these oscillator realizations possess one or more
of the following drawbacks: (i) contain two or more active
elements [23]-[25]; (ii) include at least four passive
components [22], [24]-[27]; (iii) comprise floating passive
components [24]; as well as (iv) lack electronic adjustment
of their essential parameters [22], [24].

Therefore, this study makes an attempt to present an
electrically adjustable sinusoidal QO with both voltage and
current quadrature outputs at the same time. The suggested
QO circuit is canonic and low-component count, with just
one voltage differencing gain amplifier (VDGA), two
capacitors, and one resistor. Three passive elements are all
grounded, which is favorable for further monolithic
implementation. External biasing currents are used to
achieve orthogonal electronic control of the condition of
oscillation (CO) and the oscillation frequency (ax). The
characterization operations of the proposed QO have been
examined through PSPICE simulation based on 0.35-pm
CMOS manufacturing technology.

Il. DESCRIPTION OF VOLTAGE DIFFERENCING GAIN
AMPLIFIER (VDGA)

The VDGA is a five-terminal versatile analog active
building block suggested by J. Satansup and W. Tangsrirat
in 2013 [28]. In the literature, certain applications of the
VDGA element have been developed, including a voltage-
mode biquad filter [28], an nth-order low-pass filter [29],
and a sinusoidal oscillator [30]. Fig. 1 depicts the VDGA's
symbolic circuit representation. Ignoring the non-idealities
of the device used, the ideal behavior of this element may
be stated as

i,i] [0 o o o]
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The VDGA, as defined in the literature, can be realized
using a suitable CMOS technology, as illustrated in Fig. 2
[28]. The three floating current sources (FCSS) Mia-Mga,
Mig-Mgg, and M;c-Mgc realize independent programmable
transconductance gains of gma, Gms, and gmc [31]. The
expression for the transconductance gni (k = A, B, C) of the
FCS My-Mg may well be written by:

O E( 9 9ok )+( O3k 9k ] , )
O + J2 O3 + 9uk
where g, =Kl fori=1234 3)

and K is the transconductance coefficient of the device, and
Ig¢ is the external bias current. It may be mentioned that
the transconductance gk can be controlled electronically by
utilizing Igy.

VDGA

g

z

Fig. 1. Circuit symbol for the VDGA

According to Fig.2, the FCS Mja-Myp is a differential-
input  voltage to current converter with the
transconductance gma (i = Oma(Vp-Va)), Whereas the FCS
Mig-Myg converts the voltage v, into the x-terminal current
iy with the gain gng (ix = gmsV.). A pair of FCSs M;g-Myp
and M;c-M,yc effectively realize a tunable-gain voltage
amplifier stage between the w and z terminals (v, = Av,).
For this circuit, the voltage transfer gain g for this stage is
equal to

On =Klg (4)

which can be fine-tuned with modifying the gms/gmc ratio or
the lgg/lgc ratio.

In non-ideal conditions, the practical VDGA, including
its non-ideal transfer gains, can be modeled as:

Voltage Differencing Unit
+V

i1 [ o 0 0 o},
i 0 0 o of”®
. ()
L[| 20 — % 0na 0 0 v
ix 0 0 c!BgmB 0 VZ
v, 0 0 g o]

where o and & denote the non-ideal transconductance gain
and the non-ideal voltage transfer gain, respectively.
Furthermore, when the parasitic impedances at the
VDGA’s corresponding terminals are taken into account,
its non-ideal model is represented in Fig.3. In Fig.3, R; and
Ci ( =p, n, z, X, W) represent to the parasitic resistance and
capacitance at the corresponding terminal, respectively.

I11. PROPOSED DUAL-MoODE QO CIRCUIT

The proposed sinusoidal QO circuit, which is found to
possess both the voltage and current quadrature signals at
the same time, is depicted in Fig.4. A single VDGA is used
as an active element in the realization, along with one
grounded resistor and two grounded capacitors. The use of
only grounded resistors and capacitors is appropriate for
monolithic integration and is also beneficial for absorbing
various parasitic impedance effects [32]. Routine circuit
analysis of the QO in Fig.4 using (1) yields the following
characteristic equation:

52C1C2+SCZ(;—%‘9’“BJ+gmAgmB=O . (6

1 mC

The condition and frequency of oscillation (CO and a)
can be obtained from (6) as, respectively,

gmAgmBRl :gmc ! (7)

w, =2, = Imadme . (8)
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Fig. 2. CMOS realization of the VDGA
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Fig. 3. Practical model of the VDGA device involving parasitic elements
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Fig. 4. Proposed dual-mode QO circuit

The formulas above show that CO may be regulated
without influencing @, by adjusting the regulating gmc.
(Igc)- The ax, on the other hand, may be altered by varying
gma and/or gms, and therefore by bias currents Iga and/or
IBB-

Also from Fig.4, the two explicit quadrature output
voltages vy, and v,, are exhibited to form the following

relationship:
v, = [chzjvoz . 9)
gmB

The two quadrature current outputs marked iy; and iy, are
related by the following equation:

ilz[jlei 2
° gmB °

It is evident from (9) and (10) that the two outputs will
be 90° out of phase, proving the circuit is quadrature
property. As a result, the proposed circuit is versatile since
it has both voltage and current quadrature outputs to
provide dual-mode operation.

(10)

IV. NON-IDEAL GAIN EFFECTS AND SENSITIVITY
CALCULATIONS

Taking into consideration the VDGA non-idealities

indicated in (5), the characteristic parameters CO and a,
are modified as follows:

09 mp R = Gne (11)

o, = Ap0g9pa9ms |
CC,

and (12)

It is apparent that the VDGA'’s non-ideal transfer gains
directly influence the values of CO and a,. To adjust for
variances in the CO and a,-values, simply tune over the
CO and a, through the transconductances gmc, and gma
and/or gms, respectively.

According to (12), the relative sensitivity investigation of
ax in relation to different circuit components reveals that

1

S;Uo = S:D = S;Jo = Sg)o =— (13)
A B A me 2
o o, 1
and Ser =S¢, =—+ (14)

Evidently from (13) and (14), all the a,-Sensitivity
coefficients have a magnitude of 0.5. As a result, the
proposed QO circuit in Fig.4 has a low sensitivity
performance.

V. ErFrecTs oF VDGA PARASITICS

Following Fig.3, Fig.5 depicts the practical small-signal
behavior of the proposed QO circuit in Fig.4, incorporating
VDGA parasitic impedances. Thus, taking these parasitics
into effect the non-ideal parameters CO and a, are
modified as follows:

1 (c,/c,) ,
(R/IR,) (R,/IR,)C,/IC,lIC,)

(15)
%:ﬁ%w@k_ L]
C1C2 ng (Rn // Rx)

Considering (R; << R,), (C; >> C,) and (C, >> C,, C)),
then (15) and (16) can be estimated as, respectively,

Imalms = 0 SIS
mA I mB mC Rl Récz

500: [gmAgmBJ|:1_ 1 ,:| .
C].CZ ngRZ

where R, = (R, //R). According to (17), the parasitic
impedances have a detrimental effect on the CO for
identical values of capacitances C; and C; and for R; << R,
/IRy. Equation(18) demonstrates that the parasitic
resistances R, and Ry cause the , to diverge from its ideal
value. For example, if gma = Omg = Omc = 380 pA/V, C, =
C, = 10 pF, R, = 500 kQ, and R, = 265 kQ, the m,-value
percentage variation is 0.76%.

gmAgmB = ng|:

and (16)

(17)

and (18)
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Fig. 5. Practical model of the proposed QO.

VI. SIMULATION RESULTS AND PERFORMANCE DISCUSSIONS

The PSPICE simulator has been used to investigate the
behavior of the proposed dual-mode QO in Fig. 4. The
CMOS implementation of the VDGA of Fig.2 was
performed in simulations employing 0.35-mm TSMC
CMOS process parameters and 1.5V supply voltages. Table
| provides the geometrical transistor sizes.

TABLEI
GEOMETRICAL TRANSISTOR SIZES OF CMOS VDGA IN FIG.2.

Transistors W/L (um/um)
Mk — My 22/0.25
Mak— Mg 24/0.25

Mis 5/0.25
Mek— M7y 4.5/0.25
Mgk — Mgy 5.8/0.25

The VDGA-based dual-mode QO circuit in Fig.4 was
designed for f, = 6.08 MHz. The computed component
values for C = C; = C, = 10 pF were derived from (7)
and(8) as follows: gy = gmk = 382 pA/V (for Iz = lg = 40
#A) and R; = 2.6 kQ. Figs. 6 and 7 show the simulated
transient responses for the quadrature voltage outputs (voy
and v,;) and current outputs (i,; and ip,). In both cases, the
corresponding f, was measured to be around 6 MHz, with a
percentage error of 1.32%.

Furthermore, as seen in Figs. 6 and 7, the quadrature
oscillation outputs deviate in phase by 89° for voltage-mode
operation and 86° for current-mode operation. It is also
discovered that for the specified component values, the
overall power consumption of the circuit is roughly 1.36
mw.
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Fig. 6. Simulated time-domain responses for v,; and vy, of the proposed
voltage-mode QO in Fig.4. (a) Transient waveforms (b) Steady-state
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Fig. 7. Simulated time-domain responses for i,; and iy, of the proposed
voltage-mode QO in Fig.4. (a) Transient waveforms (b) Steady-state
waveforms

The Lissajous figures of the two output voltages and
currents are shown in Fig. 8 to find out the correlation
between the quadrature outputs. The simulated frequency
spectrums at f, for both output waveforms are also shown in
Fig. 9. The total harmonic distortion (THD) values at the
voltage and current output waveforms are almost 3.25%
and 3.36%, respectively.
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Fig. 8. Lissajous figures at f, showing quadrature property.
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Fig. 9. Frequency spectrums at f,
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The electronic adjustability of the oscillation frequency f,
by tuning gy, is shown in Fig. 10 for C= 10 pF, 0.1 nF, and
1 nF. In the high bias current value range, a discrepancy
between the simulated and calculated values is observed.
This little discrepancy can be mitigated by fine-tuning the
value of Ig.
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Fig. 10. Variation of f, with gn,

(a) for C=10 pF (b)forC=0.1nF (c)forC=1nF

VIIl. CONCLUSIONS

The dual-mode sinusoidal QO with a single VDGA and
all three grounded passive components is detailed in this
paper. Without modifying the circuit architecture, the
oscillator circuit may produce both quadrature voltage and
quadrature current outputs at the same time. All of the
passive components used in this implementation are
grounded. By adjusting the bias currents of the VDGAs, the
condition and frequency of oscillation may be adjusted
orthogonally and electronically. PSPICE simulation
findings corroborate the theoretical expectations.

REFERENCES

[1] A. U. Keskin and D. Biolek, “Current-mode quadrature oscillator using
current differencing transconductance amplifiers (CDTA)”, IEE Proc.-
Circuits Devices Syst., vol.153, no.3, pp.214-218, June 2006.

[2] W. Jaikla, M. Siripruchyanun, J. Bajer and D. Biolek, “A simple
current-mode  quadrature  oscillator  using single CDTA”,
Radioengineering, vol. 17, no. 4, pp. 33-40, Dec. 2008.

[31 A. Lahiri, “New current-mode quadrature oscillator using CDTA”,
IEICE Electron. Express, vol.3, no.3, pp.135-140, 2009.

[4] W. Tangsrirat and W. Tanjaroen, “Current-mode sinusoidal quadrature
oscillator with independent control of oscillation frequency and
condition using CDTAs”, Indian J. Pure & Appl. Phys., vol.48, no.5,
pp.363-366, May 2010.

[5] S. Maheshwari and B. Chaturvedi, “High output impedance CMQOs
using DVCCs and grounded components”, Int. J. Circ. Theor. Appl.,
vol.39, no.4, pp.427-435, 2011.

[6] J. Jin and C. Wang, “Single CDTA-based current-mode quadrature
oscillator”, Int. J. Electron. Commun. (AEU), vol.66, no.11, pp.933-
936, Nov. 2012.

Volume 30, Issue 1: March 2022



Engineering Letters, 30:1, EL._ 30 1 30

(71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Y. A. Li, “Electronically tunable current-mode biquadratic filter and
four-phase quadrature oscillator”, Microelectron. J., vol.45, no.3,
pp.330-335, Mar. 2014.

J. Jin and C. Wang, “Current-mode universal filter and quadrature
oscillator using CDTASs”, Turk. J. Elec. Eng. & Comp. Sci., vol. 22,
no.2, pp.276-286, 2014.

N. Minhaj, “Current conveyor-based voltage-mode two-phase and four-
phase quadrature oscillators”, Int. J. Electron., vol.94, no.7, pp.663-
669, Jun.-Aug. 2007.

W. Tangsrirat and S. Pisitchalermpong, “CDBA-based quadrature
sinusoidal oscillator”, Frequenz, vol.61, no.3-4, pp.102-104, 2007.

W. Tangsrirat, D. Prasertsom, T. Piyatat and W. Surakampontorn,
“Single-resistance-controlled quadrature oscillator using current
differencing buffered amplifiers”, Int. J. Electron., vol.95, no.11,
pp.1119-1126, Nov. 2008.

W. Tangsrirat, T. Pukkalanun and W. Surakampontorn, “CDBA-based
universal filter and quadrature oscillator”, Active and Passive Electron.
Comp., vo0l.2008, Article ID 247171, 6 pages, doi:
10.1155/2008/247171, 2008.

N. Herencsar, J. Koton, K. Vrba and A. Lahiri, “New voltage-mode
quadrature oscillator employing single DBTA and only grounded
passive elements”, IEICE Electron. Express, vol.6, no.24, pp.1708-
1714, 2009

S. Maheshwari, J. Mohan and D. S. Chauhan, “High input impedance
voltage-mode universal filter and quadrature oscillator”, J. Circ. Syst.
Comp., vol.19, no.7, pp.1597-1607, 2010.

N. Herencsar, K. Vrba, J. Koton and A. Lahiri, “Realisations of single-
resistance-controlled quadrature oscillator using a generalised current
follower transconductance amplifier and a unity-gain voltage-follower”,
Int. J. Electron., vol.97, no.8, pp.897-906, Aug. 2010.

J. W. Horng, “Quadrature oscillators using operational amplifiers”,
Active and Passive Electron. Comp., vol.2011, Article ID 320367, 4
pages, doi: 10.1155/2011/320367, 2011.

R. Sotner, N. Herencsar, J. Jerabek, R. Dvorak, A. Kartci, T. Dostal and
K. Vrba, “New double current controlled CFA (DCC-CFA) based
voltage-mode oscillator with independent electronic control of
oscillation condition and frequency”, J. Elec. Eng., vol. 64, no.2, pp.65-
75, Mar. 2013.

F. Khateb, W. Jaikla, D. Kubanek and N. Khatib, “Electronically
tunable voltage-mode quadrature oscillator based on high performance
CCCDBA”, Analog Integr. Circ. Sig. Process., vol.74, no.3, pp.499-
505, Mar. 2013.

A. Yesil, F. Kacar and K. Gurkan, “Design and experimental evaluation
of quadrature oscillator employing single FB-VDBA”, J. Elec. Eng.,
vol. 67, no.2, pp.137-142, Apr. 2016.

T. S. Arora and S. Gupta, “A new voltage-mode quadrature oscillator
using grounded capacitors : An application of CDBA”, Eng. Sci. Tech.,
Int. J., vol.21, no.1, pp.43-49, Feb.2018.

K. Banerjee, D. Singh and S. K. Paul, “Single VDTA based resistorless
quadrature oscillator”, Analog Integr. Circ. Sig. Process., vol.100,
no.2, pp.495-500, Aug. 2019.

J. W. Horng, C. L. Hou, C. M. Chang, H. P. Chou, C. T. Linand Y. H.
Wen, “Quadrature oscillators with grounded capacitors and resistors
using FDCCIIs”, ETRI J., vol.28, no.4, pp.486-494, Aug.2006.

A. Lahiri, “Novel voltage/current-mode quadrature oscillator using
current differencing transconductance amplifier”, Analog Integr. Circ.
Sig. Process., vol.61, no.2, pp.199-203, Nov.2009.

S. Maheshwari and I. A. Khan, “Novel single resistor controlled
quadrature oscillator using two CDBASs”, J. Active Passive Electron.
Devices, vol.2, pp.137-142, 2007.

M. Srivastava and D. Prasad, “VDCC based dual-mode quadrature
sinusoidal oscillator with outputs at appropriate levels”, Theoretical
Appl. Electrical Eng., vol.14, no.2, pp.168-177, Jun. 2016.

A. Lahiri, “Explicit-current-output quadrature oscillator using second-
generation  current  conveyor  transconductance  amplifier”,
Radioengineering, vol.18, no.4, pp.522-526, Dec. 2009.

S. Maiti and R. R. Pal, “Dual-mode quadrature oscillator employing
single current controlled current conveyor transconductance amplifier”,
Int. J. Innovative Research in Sci. Eng. Tech., vol.2, no.7, pp.3105-
3112, July 2013.

J. Satansup and W. Tangsrirat, “CMOS realization of voltage
differencing gain amplifier (VDGA) and its application to biquad filter”,
Indian J. Eng. Mater. Sci., vol.20, no.6, pp.457-464, Dec.2013.

Z. G. C. Taskiran, H. Sedef and F. Anday, “Voltage differencing gain
amplifier-based nth-order low-pass voltage-mode filter”, J. Circ. Syst.
Comp., vol.27, no.6, Jun.2018.

O. Channumsin and W. Tangsrirat, “Voltage differencing gain
amplifier-based sinusoidal quadrature oscillator using only two
grounded capacitors”, Recent Advances in Electri. & Electron. Eng.,
vol.12, no.5, pp.439-444, Oct.2019.

[31] A. F. Arbel, L. Goldminz, “Output stage for current-mode feedback
amplifiers, theory and applications”, Analog Integr. Circ. Sig. Process.,
vol.2, no.3, pp.243-255, Sep. 1992.

[32] M. Bhushan, R. W. Newcomb, “Grounding of capacitors in integrated
circuits”, Electron. Lett., vol.3, no.4, pp.148, 1967.

Orapin Channumsin received the M.Eng. degree in Control Engineering
and D.Eng. degree in Electrical Engineering both from Faculty of
Engineering, King Mongkut’s Institute of Technology Ladkrabang (KMITL),
Bangkok, Thailand, in 2010 and 2013, respectively. Presently, she is an
Assistant Professor in the Department of Electronics and Telecommunication
Engineering at Faculty of Engineering, Rajamangala University of
Technology Isan (RMUTI), Khonkaen Campus, Khonkaen, Thailand. Her
topic interests lie in the field of analog and mixed-signal integrated circuit
design, active analog filter and oscillator designs.

Kapil Bhardwaj was born in Hathras India in 1998. In 2016 he competed
Diploma in Electronics Engineering from Government Polytechnic College,
Hathras. Currently he is a B. Tech. student and research scholar with Dr. A. P.
J. Abdul Kalam University, Lucknow, India. Kapil’s research interest includes
analog circuits, memristor realization, and resistive memory. He has authored
several papers in reputed conference proceedings.

Mayank Srivastava obtained Ph.D. in analog integrated circuits and
signal processing from Jamia Millia Islamia, New Delhi, India, in 2015.
Presently he is working as an Assistant Professor with Department of
Electronics and Communication Engineering, National Institutue of
Technology, Jamshedpuer, India. His research interest is in the areas of analog
circuits. Dr. Srivastava has authored or co-authored 42 research papers in
SClI/Scopus indexed International Journals and Conferences. He acted as
reviewer of various SCI Indexed international journals and worked as a
member of Technical Program Committee/ Reviewer/ Session Chair in several
international conferences in India and abroad.

Worapong Tangsrirat received the B.Ind.Tech. degree (Honors) in
Electronics Engineering, and M.Eng. and D.Eng. degrees in Electrical
Engineering all from Faculty of Engineering, King Mongkut’s Institute of
Technology Ladkrabang (KMITL), Bangkok, Thailand, in 1991, 1997, 2003,
respectively. Since 1995, he has been a faculty member at KMITL, where he
is currently a Full Professor in Electrical Engineering at the Department of
Instrumentation and Control Engineering. Professor Worapong’s research
interests are primarily in the areas of analog signal processing and integrated
circuits, current-mode circuits, and active filter and oscillator design. He has
edited or written 15 books, and has had more than 100 research articles
published in peer reviewed international journals. Professor Worapong named
in the list of Top 2% Scientists of the World reported by the Stanford
University.

Wandee Petchmaneelumka was born in Rayong, Thailand. She received
the B.Eng degree in Control Engineering and D.Eng. degree in Electrical
Engineering from King Mongkut’s Institute of Technology Ladkrabang
(KMITL), Bangkok, Thailand, in 2003 and 2009, respectively. She is
currently an Associate Professor of Electrical Engineering at the School of
Engineering, KMITL. Her research interests include Fieldbus communication
network, signal processing, instrumentation and measurement systems, system
dynamics and modeling.

Volume 30, Issue 1: March 2022


https://www.worldscientific.com/doi/10.1142/S0218126618500895
https://www.worldscientific.com/doi/10.1142/S0218126618500895
https://www.worldscientific.com/doi/10.1142/S0218126618500895
https://scholar.google.com/citations?view_op=search_authors&hl=en&mauthors=label:memristor_realization
https://scholar.google.com/citations?view_op=search_authors&hl=en&mauthors=label:resistive_memory

	I. INTRODUCTION
	II. Description of Voltage Differencing Gain Amplifier (VDGA)
	III.  Proposed Dual-Mode QO Circuit
	IV.  Non-Ideal Gain Effects and Sensitivity Calculations
	V.  Effects of VDGA Parasitics
	VI.  Simulation Results and Performance Discussions
	VIII.  Conclusions
	References



